Background: Cardiovascular disease (CVD) related deaths is not only the prime cause of mortality in the world, it has also continued to increase in the low and middle income countries. Hence, this study examines the relationship between CVD risk factors and socioeconomic variables in Malaysia, which is a rapidly growing middle income nation undergoing epidemiologic transition.
Background
Cardiovascular disease (CVD) is the main cause of death in the world [1] [2] [3] [4] [5] . However, whereas the adult CVD death rate in developed economies has declined since the 1970s [1] it has risen in the low and middle income countries [1] . Low and middle income countries contributed the highest percentage of CVD deaths worldwide, which rose from 14.4 million in 1990 to 16.5 million in 2005 [1] . In Malaysia, which was ranked as a middle income country in 2010 [6] , in-hospital CVD deaths shot up from 15.7% in 2006 to 25.4% in 2009 [7, 8] . The prevalence of CVD risk factors in Malaysia have also risen: the rates of diabetes, hypertension and hypercholesterolemia rose from 8.3%, 33.0% and 5.0% respectively, in 1996 to 14.9%, 42.6% and 24.0% respectively, in 2006 [7, 8] .
Data from the developed countries show an inverse relationship between socio-economic status (SES), and CVD risk factors of smoking [9] [10] [11] [12] [13] , high blood pressure [11, [14] [15] [16] [17] and overweight [11, 13, 14] . However, past findings on Malaysia are mixed [18] [19] [20] [21] [22] [23] [24] . This study provides current evidence on the relationship between prevalence of CVD risk factors and SES variables in Malaysia. In addition, this study for the first time examines the respondents by three regional classifications, Western Peninsular Malaysia (WPM), Eastern Peninsular Malaysia (EPM and East Malaysia (EM). The advantage of this study over past studies on multiple CVD risk factors on Malaysia are, one, the sample is much larger than many other studies [21, 22] , two, it has a much wider geographical coverage than many other studies [19, [25] [26] [27] , and three, it examines more CVD risk factors than several studies [25, 26, 28, 29] .
Methods
The prevalence of CVD risk factors was derived from a community-based health survey on 11,959 adult volunteers (aged ≥ 30 years) conducted by the REDISCOVER Study team in [2007] [2008] [2009] [2010] . Of this number we were able to obtain complete income data only from 7,135 respondents, and hence, the analysis is based on this number. Part of the data contributed to the Prospective Urban Rural Epidemiological (PURE) study [30, 31] . Volunteers were invited to attend community centres in a fasting state where demographic and anthropometric data and blood pressures, as well as, venous blood for glucose and lipid readings were screened and recorded. The community centres were from Selangor (5), Kuala Lumpur (3) and Negri Sembilan (2) , all of which are urbanized and located in WPM, and from the EPM states of Pahang (4) and Kelantan (4) , and the EM state of Sabah (1). The respondents gave a written consent to participate at recruitment into the study, which was approved by the institutional research ethics committee. To attract significant participation in the community survey, the REDISCOVER team pledged to monitor their CVD risk factors over the period [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] . It is for these reasons the ethnic breakdown of the sample of 71.4% Malays, 10.5% Chinese, 2.9% Indians and 15.2% others (includes non-Malay natives and other Malaysians not classified among Malays, Chinese and Indians) differs from the ethnic breakdown of the 2010 national population of, 55.1% Malays, 24.6% Chinese, 7.3% Indians and 13.0% others [32] . Given that the survey involves health screening during the study, and the large size of the sample, we believe the sample is sufficiently robust for meaningful interpretation of the results. In doing so we followed the same sampling procedure used by Yusof et al. [30] .
The prevalence rates were age-adjusted using 2010 standard Malaysian population, and income was inflation adjusted using the consumer price index for the years 2007-2010. We used the jack-knifed approach by writing a module in SPSS 20 to avert biased estimates of standard errors (SEs) [33] [34] [35] . Weighted standard deviation was employed to derive the distribution of the variables. The number of observations of each CVD risk factors varies because of missing responses.
Hypercholesterolemia is defined as fasting total plasma cholesterol of ≥ 5.2 mmol/L [10] , regular smokers if they smoked at least one cigarette a day [11] , and hypertensive if their blood pressures were ≥ 140/90 mmHg or were on anti-hypertensive medications or aware of being hypertensive [11, 17, 36, 37] . Blood pressure was taken twice, and the mean value was used. The measurement of blood pressure was standardized across the sample. A body mass index (BMI, kg/m 2 ) of 25.0 or more was considered as overweight [38] [39] [40] . Diabetes is diagnosed when fasting glucose was ≥ 126 mg/dL (or 7.0 mmol/L) [41, 42] . Although the BMI thresholds vary with different ethnic groups [41] , we did not take different BMI thresholds for each of them because it would complicate the inter-ethnic statistical comparison, and also because past studies on Malaysia have used the same thresholds as defined by the Ministry of Health of Malaysia [25, 26, 28, 29] .
Education was grouped into the categories of no education, primary, secondary, technical and university education. Income levels were classified as low, middle and high according to annual incomes of ≤ MYR10,000, >MYR10,000-MYR50,000, and > MYR50,000 per annum [43, 44] . Income was not adjusted for inflation because of the low increase in the consumer price index in Malaysia during the period 2007-2010. The participants were also classified according to the age-groups of 30-39, 40-49, 50-59, 60-69, ≥70 to obtain the most efficient jackknifed estimates. Ethnically, the participants were grouped into Malays, Chinese, Indians and others. The WPM states were more urbanized than EPM and EM [43, 45] . We excluded the technically educated when examining the relationship between CVD risk factors and education because they are of the same level as secondary education. While the sample details of each CVD risk factor are shown in Table 1, the sample details by education  and income are shown in Tables 2 and 3 .
Results and discussion
The association between CVD risk factors, and education and income was clear only with smoking and hypertension, and it was negative, which is consistent with most findings [9] [10] [11] [12] 21, 22] . Also, more men smoked than women in all education and income categories, which is consistent with the findings on Malaysia [21, 22] . The relationship between hypertension and age was positive among women in all education groups, but was only positive among men in the university, secondary and primary groups. Also, there was a positive association between hypertension and age among men and women in all income groups.
Education
The prevalence of CVD risk factors by education varied considerably (Table 4) . In both sexes, the prevalence of hypertension was highest among those without education (men 60%, p < 0.001; women 56%, p < 0.001) followed by primary education (men 58%, p < 0.001; women 53%, p < 0.001), which is consistent with some findings on Malaysia [21, 22] . The prevalence of diabetes in women was lower than in men. Men had higher prevalence of diabetes than women among the university, technical and secondary educated. The prevalence was similar among those with primary education, while the no education grouped showed the highest prevalence. Men showed higher prevalence of hypercholesterolemia than women in the university and technical education groups. Whereas the prevalence among men and women was the same in the secondary education group, women showed higher prevalence among the primary and no education groups. Among men, the prevalence of hypercholesterolemia was highest in the secondary education (71%, p < 0.001) group and lowest in the no education (53%, p < 0.001) group. The prevalence of smoking was high among men in all categories, which is consistent with the findings from several countries [23, 24, [46] [47] [48] . The highest prevalence of smoking was found among men with primary or no education. The prevalence of being overweight among men was highest in the secondary (34%, p < 0.001), technical (34%, p < 0.001) and university education (34%, p < 0.001) groups. It was lowest among men with no education followed by primary education. The prevalence of being overweight among women was highest in the secondary (42%, p < 0.001) followed by the primary (35%, p < 0.001) education groups.
The prevalence of smoking in men was significantly higher than women in all education groups (Table 5) . Also, the less educated groups showed higher prevalence of smoking than the most educated group, which corroborated with previous findings on Malaysia [23, 24] . The highest prevalence of smoking was found among men with technical education in the age group of 30-39 (83%, p < 0.001). However, the relationship between smoking and education by ethnicity was only obvious among Malay and other ethnic groups, and it was inverse. Malay men showed the highest prevalence of smoking in all education groups, which corroborated with previous study [21] . Malays with technical education showed the highest prevalence (45%, p < 0.001). The relationship between smoking and education was negative among rural women. Except for respondents with no education, rural men showed higher prevalence of smoking than urban men. Also, rural women showed either higher than or equal prevalence with urban women in all education categories. The relationship between smoking and education was only clear among women in WPM and EPM, and it was inverse. Also, there was not much difference in the prevalence of smoking among the three regions in men with university, secondary and primary education. However, the prevalence of smoking was much higher among men in WPM (58%, p < 0.001) and EPM (57%, p < 0.001) than men in EM (25%, p < 0.1) in the technical education group. Whereas there was not much difference in the prevalence levels of women with university, secondary and primary education in the three regions, EPM showed significantly higher prevalence levels than the other regions among women with technical (13%, p < 0.001) and no education (17%, p < 0.001).
Although past studies on Malaysia showed an inverse association between hypertension and education [21, 22] , our results showed a lack of association between them (Table 6 ), which nonetheless is consistent with some studies on other countries [45, 49] . While there was no association between ethnicity and education by ethnicity among men, it was clear and inverse among women. The prevalence of hypertension was highest among other women with technical education (46%, p > 0.1) followed by Indian women with no (44%, p < 0.001), and technical (39%, p < 0.05) and primary (32%, p < 0.001) education. While there was no association between education and hypertension among urban and rural men, it was inverse among urban women. Apart for differences among women with primary education, there were no other major rural-urban differences in the prevalence of hypertension. Urban women with primary education (42%, p < 0.001) followed by urban (35%, p < 0.001) and rural (35%, p < 0.001) women with no education showed the highest prevalence of hypertension. Among the three regions, the relationship between hypertension and education was clear and inverse only among women in WPM and EPM. Men from EM had higher prevalence of hypertension than men from WPM and EPM and in the university, technical and secondary education groups, while men with primary or no education from EPM had higher prevalence of hypertension than men from WPM and EM. Women with technical, secondary, primary and no education in EPM had the highest prevalence of hypertension among women. However, WPM (23%, p < 0.001) and EM (23%, p < 0.001) showed the highest prevalence of hypertension among university educated women. An important past study showed that the relationship between diabetes and education was inverse among women, but the middle income group showed the highest prevalence among men in Malaysia [22] . However, our results show that there was no association between diabetes and education (Table 7) . Also, the association between age and diabetes was only positive among women in the secondary education group. While the relationship between education and diabetes by ethnicity was positive among the Malay, Chinese and Indian women, it was not obvious among other women, and among men in all ethnic groups. The prevalence of diabetes was highest among Indian men with technical education (26%, p < 0.1) followed by Indian women with no education (20%, p < 0.05), and Indian women with primary education (18%, p < 0.01). The relationship between diabetes and education by location was significant among men and women but it was positive in the former and negative in the latter. Urban men had the highest prevalence of diabetes among respondents with primary (12%, p < 0.001) and no (7%, p < 0.001) education. However, rural men had higher prevalence among university, technical and primary categories, and rural women showed higher prevalence in the university, technical and secondary categories, though all the prevalence levels were low. There was no association between education and diabetes among men and women in the three regions. However, EPM had the highest prevalence of diabetes among men in the education categories of secondary and no education, and among women in all categories except for university education. EM (27%, p < 0.001) had the highest prevalence among men with primary education.
There was no clear relationship between hypercholesterolemia, and education and gender (Table 8) , which adds to the past literature reporting varied findings from other countries [2] [3] [4] [5] [9] [10] [11] 13, 39, 50] . However, our results show that the relationship between hypercholesterolemia and education by ethnicity was negative among Malay, Chinese and Indian women but positive among Chinese and other men. Also, our study showed that Malay men in all education categories had the highest prevalence of hypercholesterolemia, which is consistent with some findings on Malaysia and Singapore [51, 52] . The highest prevalence was found in the technical education group (69%, p < 0.001). Women with no education had the highest prevalence of hypercholesterolemia in all ethnic groups. Malay women (55%, p < 0.001) showed the highest prevalence of hypercholesterolemia followed by Indian women (51%, p < 0.001). The relationship between hypercholesterolemia and education was negative among rural women. Urban women had higher hypercholesterolemia than rural women in all education categories. The highest prevalence of hypercholesterolemia was recorded by urban women with no education (52%, p < 0.001), and in men among the technically educated (41%, p < 0.001).
Among the three regions, the relationship between hypercholesterolemia and education was clear only among men (positive) in WPM and women (negative) in EM. EPM
showed the highest prevalence of hypercholesterolemia among men in the technical (74%, p < 0.001) and secondary (73%, p < 0.001) education groups, and among women in the no (67%, p < 0.001) education group. EM showed the highest prevalence among men in the university (72%, p < 0.001), primary (75%, p < 0.001) and no education (28%, p < 0.001) groups. WPM showed the highest prevalence among women with technical (60%, p < 0.001) and secondary (72%, p < 0.001) education. The relationship between education and being overweight among men was generally inverse (Table 9) , which supports most findings on Malaysia [25, 26, 28, 29] . However, our results show no clear relationship between education levels and being overweight among women. The relationship between being overweight and education by ethnicity was clear and positive among Malay and Chinese men, while it was negative among Indian women. In addition, except for primary education, Malays had the highest prevalence of being overweight among men, which largely supports past results on Singapore and Malaysia [26, 51] . However, Indians with primary education had the highest prevalence of being overweight among men (20%, p < 0.001). Also, except for university and secondary education, Indians had the highest prevalence of being overweight among women. Malays had the highest prevalence of being overweight among university (19%, p < 0.001) and secondary (28%, p < 0.001) educated women. Whereas the relationship between being overweight and education was positive among urban and rural men, it was not clear among women. Urban men in the secondary (15%, p < 0.001), primary (14%, 0.001) and no education (9%, p < 0.001) groups showed higher prevalence of being overweight than rural men in the same education categories respectively. Except for the technically educated, urban women showed higher prevalence of being overweight than rural women in all other education groups. Among the three regions, the relationship between being overweight and education was clear and positive only in WPM. Also, WPM showed the highest prevalence among the university educated (37%, p < 0.001), while EM showed the highest prevalence in the secondary (41%, p < 0.001) and primary (28%, p < 0.001) education groups among men. EPM showed the highest prevalence among men with no education (7%, p < 0.001), though the levels were low in all three regions. Whereas WPM showed the highest prevalence among women in the university (35%, p < 0.001) and secondary (42%, p < 0.001) education groups, EM showed the highest prevalence among women in the technical (20%, p < 0.001) and primary (43%, p < 0.001) education groups.
Income
There was a positive relationship between diabetes, hypercholesterolemia and being overweight, and income among men (Table 10) . These results differ from one study on Malaysia in which the relationship between diabetes and income was inverse, while the middle income had the highest prevalence of hypercholesterolemia [22] . Also, our results show that the relationship between hypertension and hypercholesterolemia, and income was negative among women, which is consistent with the findings from similar studies on Malaysia and the developed countries [11, 13, 22] . The relationship between income and diabetes was positive among women. Our results did not corroborate with some studies on Malaysia that showed middle income women having the lowest prevalence of diabetes, hypertension, while high income women the lowest prevalence of hypercholesterolemia [22] [23] [24] . Our results showed that more men than women smoked in all income, age, ethnic and location categories (Table 11) . Except for the age categories of 50-59 and 70 and above, the relationship between income and smoking was inverse among men, which supports some studies on Malaysia [22] [23] [24] . The relationship between smoking and income among men was positive in the 50-59 and 60-69 age groups. However, the relationship was inverse among women in the age groups of 30-39 and 50-59. Malays had the highest prevalence of smoking among men. The relationship between smoking and income in men was negative among Malays, Chinese and others. In women, the prevalence of smoking was highest among the others in the low income (15%, p < 0.001) and high income (10%, p < 0.001) groups, and Chinese among the middle income (12%, p < 0.001) groups. More rural men smoked than urban men in all income categories. Also, rural women (9%, p < 0.001) smoked more than urban women (7%, p < 0.001) in the low income group, while the prevalence of smoking was similar between urban and rural women among the middle and high income groups. There was no association between smoking and income between the three regions. However, EM had the highest prevalence of smoking among men in the low (43%, p < 0.001) and high (56%, p < 0.001) income groups, while EPM had the highest prevalence of smoking among women in the low (14%, p < 0.001) income groups.
The relationship between hypertension and income by gender was negative in the age category of 40-49 but was positive in the age categories of 50-59 and ≥70 years among men (Table 12) , which we could not compare with past studies on Malaysia because of the use of different age intervals [21, 22] . This association was inverse among women in all but the category of ≥70 years. The relationship between hypertension and income by ethnicity was inverse among Indian men and women, Chinese men and Malay women. However, low income Indian women (70%, p < 0.05) and men (56%, p < 0.05) showed the highest prevalence of hypertension. Men (53%, p < 0.001) and women (41%, p < 0.001) in the others category showed the highest prevalence of hypertension among the middle income. Malay men (38%, p < 0.001) and other women (40%, p > 0.1) showed the highest prevalence of hypertension among the high income group. Whereas the relationship between income and hypertension was inverse among urban men and women, it was only clear and inverse among rural men. Rural men and women showed higher prevalence of hypertension than urban men and women in all income groups. The relationship between hypertension and income was positive in WPM and EM among men, and in all three regions among women. Whereas EPM showed the highest prevalence of hypertension among women in all income categories, EPM showed the highest prevalence of hypertension among low income men. EM had the highest prevalence among middle and high income men. While one study showed an inverse relationship between diabetes and income among men, and the middle income showing the lowest prevalence among women in Malaysia [22] , our study showed that the association between diabetes and income was positive in the age groups of 50-59 and 60-69, negative in the age group of ≥70 (Table 13) . However, the relationship between diabetes and income was negative among women in the age groups of 40-49, 50-59 and ≥70. The relationship between income and diabetes by ethnicity was inverse among women but was not clear among men in all ethnic groups. Indian women (18%, p < 0.001) and Malay men (16%, p < 0.001) had the highest prevalence of diabetes among the low income. Indian men (29%, p < 0.001) and other women (17%, p < 0.01) had the highest prevalence of diabetes among the middle income. Chinese men (18%, p < 0.001) and other women (20%, p > 0.1) had the highest prevalence of diabetes among the high income. The relationship between diabetes and income was positive among rural men and women, and negative among urban women. The relationship between diabetes and income was negative in rural women, while it was positive in urban women. The relationship between income and diabetes was positive among women but it was not obvious among men in all the three regions. EPM showed the highest prevalence among low (14%, p < 0.001) and middle (14%, p < 0.001) income women, and among middle income men (21%, p < 0.001). EM showed the highest prevalence among low income (22%, p < 0.001) men.
Although there was no obvious relationship reported between hypercholesterolemia and income by one study on Malaysia [22], our study showed that the prevalence of hypercholesterolemia increased with income in the age categories of 30-39, 50-59, 60-69 and ≥70 years among men, and ≥70 among women (Table 14) ). Hypercholesterolemia increased with age among middle income men and women. However, the relationship between hypercholesterolemia and income by ethnicity was only obvious and positive among Chinese and other men, and negative among Malay, Indian and other women. Indian women (82%, p < 0.001) and men (78%, p < 0.001) showed the highest prevalence of hypercholesterolemia among the low income. Malay men (67%, p < 0.001) and women (73%, p < 0.001) showed the highest prevalence of hypercholesterolemia among the middle income. Other men (88%, p < 0.001) and Malay women (67%, p < 0.001) showed the highest prevalence of hypercholesterolemia among the high income. There was no association between hypercholesterolemia and income among urban and rural women, but it was negative among urban and rural men. Among the three regions, the relationship between hypercholesterolemia and income was clear and positive only among men in WPM while it was negative among women in EM. However, EPM showed the highest prevalence among the low (77%, p < 0.001) and middle (76%, p < 0.001) income groups. Among women, WPM and EPM had the highest prevalence in the middle (71%, p < 0.001) and high (67%, p < 0.001) income groups. EM showed the highest prevalence among low income men (73%, p < 0.001) and women (74%, p < 0.001).
The relationship between being overweight and income was positive among men in the age category of ≥70 (Table 15) , which does not support some of the findings on Malaysia [25, 26, 28, 52] . However, the relationship between being overweight and income among women was negative in the age categories of 50-59 and ≥70. The association between being overweight and income by ethnicity was positive among Malay and other men, while it was negative among Chinese women. Chinese men (27%, p < 0.01) had the highest prevalence of being overweight among the low income, while Malay men had the highest prevalence of being overweight among the middle (40%, p < 0.001) and high (43%, p < 0.001) income. Malay women had the highest prevalence of being overweight in all income groups. The relationship between being overweight and income by location was clear only among women: it was negative among urban women and positive among rural women. Urban men showed higher prevalence of being overweight than rural men in all income categories. Whereas urban women showed higher prevalence of being overweight than rural women in the low and middle income groups, it was the reverse in the high income group. Among the three regions, there was a clear and negative association between being overweight and income only among women in EPM. Also, EPM showed the highest prevalence among low (39%, p < 0.001) and middle income (42%, p < 0.01) men. EM had the highest prevalence among high income (29%, p < 0.001) men. The results were mixed among women, with EPM, WPM and EM showing the highest prevalence among the low, middle and high income groups respectively.
Conclusions
The results generally tallied with the findings from the developed countries with smoking where men consistently smoked more than women in all education and income categories [9] [10] [11] . Smoking and hypertension showed an inverse relationship with education among men and women. However, while income showed a negative relationship with hypertension among women, it did not have an association with hypertension among men, and with smoking among both men and women. Also, the relationship between income, and diabetes and hypercholesterolemia was positive among men, while it was negative among women. There was also a positive association between income and being overweight among men. In addition, the relationship between the CVD risk factors, and education and income varied by ethnicity, age and location. Hence, policy makers and administrators should take account of the CVD risk factors by socioeconomic, demographic and geographic characteristics of the population in the country when devising programmes to reduce deaths caused by CVDrelated diseases. This study has some limitations that future studies should avoid. Firstly, the use of education and income provide only a crude estimate of SES. Secondly, it will be good to find local consumer prices to adjust for inflation effects on income. Thirdly, panel data, which refers to data collected from multiple but the same respondents over time, is superior when analysing causal factors [53] .
Nevertheless, the prevalence of CVD risk factors between high and low levels of SES is still obvious, and the results show a need to address them when formulating preventive programmes. 
